INTRODUCTION
New varieties of crop plants with enhanced features such as protection against common pests, tolerance to herbicides, and improved quality traits have been produced by agricultural biotechnology. A notable example is corn hybrids with the "Bt" gene that express an insecticidal protein, Cry1Ab, similar to that produced in nature by certain subspecies of the common soil bacterium Bacillus thuringiensis (Bt) (Koziel et al., 1993) . The Cry1Ab protein has been shown to be selectively toxic to the larvae of the European corn borer and certain other lepidopteran larvae while nontoxic to other orders of insects, animals, and humans. The first commercial plantings of insect- The use of trade names in this publication does not imply endorsement of the products mentioned or criticism of similar products not mentioned. 2 To whom correspondence should be addressed: jbrake@ncsu.edu. The transgenic VIP3A hybrid diets numerically supported the most rapid broiler chicken growth, the second lowest mortality rate and best FCR, without practical differences in carcass yield. The few differences found in this study were not unique to a given corn source but instead appeared to be distributed equally across the diet groups evaluated in the study. Although it was not clear whether small differences in performance were attributable to the transgenic corn per se or were due to possible slight differences in overall composition of the formulated diets, it was clear that the transgenic corn had no deleterious effects on broiler performance and carcass yield in this study.
protected field corn hybrids that utilized the "Bt" genetic modification occurred in 1996, but commercial formulations of Bt have been used as topical insecticides since 1938, and such Bt-based products have been registered for use on food crops in the United States since 1961 (US Environmental Protection Agency, 1986) . Several studies have examined the possibility of detecting transgenic plant DNA and proteins from animal feed in animalderived food products such as milk (Faust and Miller, 1997; Einspanier et al., 2001; Phipps et al., 2003) , beef (Klaften et al., 2004) , swine muscle (Weber and Richert, 2001; Jennings et al., 2003b; Reuter and Aulrich, 2003) , and poultry (Einspanier et al., 2001; Yonemochi et al., 2002; Ash et al., 2003; Jennings et al., 2003a; Klaften et al., 2004) with no evidence of such transmission found.
A new transgenic corn event that exhibits broad-spectrum lepidopteran insect resistance has been developed. This event, designated "Pacha," expresses a novel pesti- cidal protein, VIP3A, which has activity against several lepidopteran species including, but not limited to, Helicoverpa zea, Spodoptera frugiperda, and Agrotis ipsilon, all of which can cause substantial economic damage to corn production (Estruch et al., 1996) .
The purpose of the current study was to evaluate whether transgenic grain derived from event Pacha has any adverse dietary effects on broiler chickens when compared with nontransgenic corn. Chickens (Gallus domesticus) typically consume large quantities of corn grain in commercial feeds as a major source of metabolizable energy as well as other nutrients such as protein. Broiler chickens, in particular, have relatively high corn consumption because conventional feeding regimens (high energy and protein) are designed to provide maximal BW gain in the shortest time possible. Although the transgenic protein in this new variety is present in corn grain in parts per billion (ppb) quantities, it was of interest to 4 Syngenta Biotechnology, Research Triangle Park, NC. determine whether the transgenic corn grain had any unexpected effects on poultry, either as a direct effect of the transgenic protein in the diet or as a result of any unintended compositional changes in the grain that may have altered its nutritional value. In order to determine whether transgenic-derived corn has an effect on broiler chicken performance, this study compared male and female chickens receiving feed made with corn from a transgenic hybrid (VIP3A) against feed made with the corresponding nontransgenic (isoline) version of the same hybrid along with 2 locally (North Carolina; NC) grown commercial lots of corn from the 1999 (NC 1999 (NC 2000 crop seasons. A similar model has been used to study Bt corn (Halle et al., 1998; Leeson, 1998; Brake and Vlachos, 1999; Mirales et al., 2000; Gaines et al., 2001; Piva et al., 2001; Brake et al., 2003; Taylor et al., 2003a,b,c) and glyphosphate-tolerant corn (Sidhu et al., 2000; Gaines et al., 2001; Taylor et al., 2003a,b,c) as feeds for broiler chickens. The performance endpoints measured in this study included effects on mortality, BW, feed efficiency, carcass yield, and blood clinical chemistries.
MATERIALS AND METHODS

Test and Control Corn
The transgenic corn grain used was derived from Syngenta Seeds' transgenic hybrid VIP3A event Pacha. 4 This hybrid was field grown in the United States in 1999. Following grain harvest, shelling and storage were performed under standard seed storage conditions. The level of VIP3A protein in grain derived from event Pacha was confirmed by ELISA. The nontransgenic control corn grain used in this study was from a Syngenta Seeds' hybrid isogenic (isoline) conventional hybrid derived from the same inbred parents as the transgenic lines that was grown, processed, and stored concurrently with the transgenic hybrid under the same environmental conditions. Isolation procedures ensured that intermixing of grain genotypes did not occur. In addition to event Pacha and its isoline, locally grown lots of North Carolina corn from the 1999 (NC 1999) and 2000 (NC 2000) seasons were used for comparison purposes. The NC 1999 season corn had been used at the research facility for some time, was known to be of adequate quality to support good broiler growth, and was in storage at the time of the experiment. The NC 2000 season corn was purchased immediately prior to the start of the experiment.
Experimental Design
The experimental design consisted of diets made from 4 sources of corn (transgenic VIP3A, nontransgenic isoline, NC 1999 season corn, and NC 2000 season corn) fed to 2 sexes within 4 location blocks of the growing facility with 8 replicates for each 2-way corn source × sex interaction. Pens were assigned in a randomized complete block design to compensate for known position effects in the facility. Broiler chicks were hatched from eggs produced by a Based upon analytical values used for formulation or National Research Council (1994) reference values. All formulas were derived from the base formulation with VIP3A. Remaining diets were developed by reduction of crude protein by addition of a sand and Solka-Floc filler that had the same density as corn and poultry fat to compensate for metabolizable energy lost with the corn that was removed.
commercial strain of Arbor Acres Yield males and feathersexable yield (FSY) females grown and maintained at the site. The broiler chicks were feather-sexed, and very large and small chicks were excluded. Further, any chicks exhibiting an obvious abnormality were not used in the study. A total of 1,920 birds was randomly distributed into 64 pens of a curtain-sided house at 1 d of age. Each pen contained 30 birds of the same sex.
Corn Analyses
Samples of corn lots were forwarded to independent laboratories using AOAC (1990, 1993 ) methodology for proximate analyses, amino acid analyses, and mycotoxin screening. These results are shown in Table 1 and are reported as the percentage by weight on the typical 'as is' basis (i.e., not as a percentage of the dry weight). Amino acid analyses showed very similar amino acid patterns for samples of VIP3A and isoline corn and confirmed differences in crude protein and moisture. Initial routine mycotoxin determinations showed extremely low contamination for the transgenic and isoline corn samples, but the locally grown corn had higher levels of aflatoxins and fumonisin (Table 1) . However, the levels found in the local corn were not excessive by commercially accepted standards.
Diet Formulation
To compensate for the relatively large differences in percentage crude protein between the corn types, an inert nonnutritive filler, formulated to the same density as ground corn, was added to volume (Brake and Vlachos, 1999) . Further, an appropriate volume of additional poultry fat was added as a portion of the filler to compensate for the metabolizable energy lost due to removal of a Means with different superscripts differ significantly (P ≤ 0.05); SE were determined from between-pen variation. portion of the corn and replacement with the nonnutritive filler relative to the VIP3A diet. Diet formulation was on the basis of the VIP3A corn with filler added as described above for the respective diets ( Table 2 ). The NC 1999 Means with different superscripts differ significantly (P ≤ 0.05); SE were determined from between-pen variation.
1
Adjusted FCR (calculated for each pen) = total feed consumed/total BW of surviving birds + total terminal BW of birds that died. corn was formulated with a determined crude protein percentage of 9.5, which was the estimate of dietary protein that had been used for the specific lot of corn during the prior year. However, retrospective analyses suggested Means with different superscripts differ significantly (P ≤ 0.05); SE were determined from between-pen variation. that the percentage crude protein of the actual NC 1999 corn used in this experiment was slightly lower (Table 1) . The locally grown NC 2000 season corn had considerably lower percentage crude protein than did the NC 1999 season corn. However, dilution of the NC 2000 season corn was carried out as for the 1999 season corn to demonstrate the performance of birds when a diet with obviously lower nutritive value, with respect to crude protein and amino acids, was fed. The VIP3A basal diet formula- Means with different superscripts differ significantly (P ≤ 0.05); SE were determined from between-pen variation. tion generally reflected commercial practice at the time of the study, although the metabolizable energy level of the starter feed was elevated slightly to ensure maximum growth rate. Nevertheless, nutrient levels met or exceeded the minimum nutritional requirements for broiler chickens as set by the National Research Council (1994). Diets were pelleted in a small commercial-style pellet mill immediately after mixing. Pelleted starter feed was crumbled. Means with different superscripts differ significantly (P ≤ 0.05); SE were determined from between-pen variation. 
Access to Feed and Water
Birds were provided continuous access to feed and water from 2 tube feeders and 1 automatic bell-type waterer in each pen. Supplemental waterers as well as supplemental feeders were used during the first week. The feeders were manually agitated as needed to maintain the flow of feed from the tube into the feeder pan from which the birds fed. Birds were provided 1.13 kg of starter diet per bird during the first 21 d of the study. This was followed by the grower diet, which was added to any starter diet that remained in the feeders at 21 d. At 35 d, remaining grower diet feed was weighed and discarded, and a finisher diet was added to the feeders. Access to feed was discontinued approximately 16 h before slaughter at 49 d of age.
Housing and Environmental Conditions
Birds were housed in 1.2 × 3.7 m pens with pine shavings as litter. House temperature initially was 32°C for the first week and was decreased gradually until 18°C was reached at the end of the experiment. Temperature was maintained using thermostatically controlled liquid propane (LP) gas brooders and circulating fans. 
Data Collection
Total pen BW data were collected at hatch (1 d consumption per pen was determined to calculate the adjusted feed conversion ratio (FCR); adjusted FCR was calculated for each pen as total feed consumed divided by total BW of surviving birds plus total terminal BW of birds that died. At 50 d, a random sample of 2 birds from each pen was processed to determine carcass (meat) yield. These birds were killed by exsanguination after stunning and then scalded, picked, eviscerated, and deboned as previously described (Brake et al., 1993) .
At 49 d, following the final weighing, 32 birds (one per pen in half the pens) were bled for plasma over heparin using a new, sterile 5-mL syringe for each bird. Plasma was separated from blood cells by centrifugation at 500 × g for 10 min and refrigerated overnight before being subjected to a blood panel screen. The panel consisted of analyses for albumin, calcium, creatine kinase, glucose, phosphorus, total protein, cholesterol, uric acid, lactic dehydrogenase, alkaline phosphatase, aspartate amino transferase, and blood urea nitrogen by using Roche Diagnostics reagent kits 5 on an Hitachi 912 autoanalyzer. 6 Bile acids were determined using a Sigma Diagnostics reagent kit.
7 Half of these blood and tissue samples were from males, and half were from females.
Statistical Analyses
The BW, FCR, mortality, and clinical chemistry data were analyzed to determine statistical differences between corn diets and sex. Statistical analyses were performed using the GLM procedure of SAS Institute (1999) with sex and corn source as independent variables in a 2-way analysis of variance within a randomized complete block design, with random error (between-pen variation) as the error term. Individual broiler carcass data on gross and adjusted-to-BW (percentage) bases were analyzed for effects due to corn source within sex using a 1-way analysis of variance, as effects due to sex were well known. Statements of statistical significance were based upon P < 0.05. Means with different superscripts differ significantly (P ≤ 0.05); SE were determined from between-pen variation. 
RESULTS AND DISCUSSION
Diet Analyses
The percentages of crude protein, moisture, fat, fiber, and ash of the formulated diets, as determined by proximate analyses, are in Table 3 . Variability among the diets was within the normally expected range except for the lower crude protein of the NC 2000 diets. The nontransgenic diets were slightly higher in fiber and ash and lower in moisture. These differences could be accounted for by the cardboard (fiber) and sand (ash) fillers. The percentage of dietary fat varied somewhat, but the nontransgenic diets appeared to be slightly higher when viewed on an overall basis. This result was obviously a function of the additional poultry fat filler used to compensate for the metabolizable energy lost from diluting the corn portion of the diets with nonnutritive filler. These differences were not substantial but could have small effects on BW and FCR, particularly the lower crude protein of the NC 2000 diets. ELISA analysis of event Pacha grain, using antibodies specific to VIP3A protein, determined VIP3A protein levels to be 18.3 (g/g of fresh weight of kernels. ELISA testing confirmed that the control grain did not contain the VIP3A protein.
Body Weight Data
The results (Table 4) showed that at placement (1 d) there was no difference in the BW among groups of chicks placed in the study. As expected, by 21 d of age, sex effects became evident with the males weighing significantly more than the females. These effects were also observed at 35 and 49 d. There were statistically significant BW differences due to corn source at 21 and 49 d of age. Birds fed the VIP3A and isoline corn-based diets had numerically greater BW at 35 d of age. The lower protein NC 2000 corn-based diet produced birds with the lowest BW at 49 d of age. These effects likely were due to dilution of the diets or lower protein concentration as evidenced by the fact that the slowest growing broilers were in the NC 2000 group, which had lower corn protein in addition to the dilution. Piva et al. (2001) reported that birds fed diets containing Bt corn were slightly heavier at finish than birds fed the non-Bt isoline control hybrid, whereas results from other studies indicated no impact of Bt hybrids for final BW and BW gain of broilers (Halle et al., 1998; Brake and Vlachos; 1999; Mirales et al., 2000; Brake et al., 2003; Taylor et al., 2003a,b,c) . (Brake and Vlachos, 1999 ) that males exhibit improved FCR relative to females, as was found in this study. Corn source had a significant effect on FCR during the starter period (0 to 21 d), but this effect was not evident at older ages. There was an interaction of corn source and sex for cumulative FCR to 49 d. This interaction was due to better FCR in the males fed VIP3A and isoline than in the males fed NC 1999 and NC 2000, whereas there were no differences among the females.
Feed Conversion
Although efforts were made in this study to adjust the diets for observed small differences in corn source with Means with different superscripts differ significantly (P ≤ 0.05); SE were determined from between-pen variation. respect to total protein (Table 1) , it cannot be stated that the diets made from transgenic and nontransgenic corn were identical (Table 2) . Given the small differences in percentage of moisture and total protein of the corn sources and the efforts to adjust for the difference in total protein in formulating the diets, it was not feasible to formulate the transgenic and 3 nontransgenic corn diets so that they would be identical with respect to all other measured components (Table 2) . Therefore, the differences in FCR cannot necessarily be attributed to the corn source per se, but these data do show an absence of obviously deleterious effects associated with the diets made from transgenic corn when compared with diets made from nontransgenic corn.
In a previous study with event 176 Bt corn, Brake and Vlachos (1999) reported an advantage in FCR for birds fed Bt versus non-Bt control hybrids. Other workers have identified no differences in FCR for broilers fed diets containing Bt and non-Bt isoline corn (Halle et al., 1998; Mirales et al., 2000; Piva et al., 2001; Taylor et al., 2003a,b,c) . Reports from 2 other studies indicated differences in FCR for broiler chickens fed diets containing corn from different genetic backgrounds, but there were no differences in these measures for groups fed Bt and non-Bt isoline hybrids with the same genetic background (Gaines et al., 2001; Brake et al., 2003) .
Mortality
There were no statistically significant differences in percentage mortality between birds that received the transgenic corn (VIP3A) diets and those that received one of the 3 nontransgenic corn diets on an overall basis at any age (Table 6 ). However, there were significant differences due to sex with males exhibiting higher mortality during the grower (21 to 35 d) and finisher (35 and 49 d) phases and cumulatively (0 and 49 d). This result was probably due to the more rapid growth rate of the males in this experiment. However, it should be noted that the birds receiving the VIP3A corn maintained the numerically greatest BW and had lower overall mortality than the other corn treatments, with the exception of the lower protein (and slower growing) NC 2000 diet (Tables 4 and  6 ). There was a statistically significant interaction of sex and corn source for the starter period (0 to 21 d). This interaction was due entirely to the high mortality of the males fed the NC 1999-based diets that had the highest protein and greatest diet dilution. However, this mortality was not observed as a cumulative effect. Similarly, in previous studies, we identified no differences in mortality for broilers fed Bt and control hybrids (Brake and Vlachos, 1999; Brake et al., 2003) . Taylor et al. (2003b) reported higher mortality rate for male broilers with a random distribution across diet corn source groups.
Carcass and Parts Yield
The dressed carcass parts (fresh, unchilled carcass from which the head, neck, feet, feathers, viscera, and blood were removed) yield as a percentage of live BW for males is displayed in Table 7 and in a similar manner for females in Table 8 . As indicated in Table 7 , corn source had no effect on carcass yield of males. As indicated in Table 8 , corn source had no effect on the carcass yield of females except for percentage wings; the NC 2000 group had a greater percentage of wings than the VIP3A group, and the isoline and NC 1999 groups were intermediate. When a large number of variables are compared, a percentage of these can be expected to differ by chance for different treatment groups and would not be expected to indicate repeatable effects of biological, and certainly not practical, significance. As an example, our previous work (Brake and Vlachos, 1999 ) indicated a slight advantage in yield of pectoralis minor from birds fed diets containing Bt versus isoline control hybrids; however, several other workers (Brake et al., 2003; Taylor et al., 2003a,b,c) reported finding no practical differences in carcass yield and composition when broilers were fed Bt and nonBt corn.
Blood Clinical Chemical Analyses
An analysis of 13 common measures of metabolic function showed no differences due to corn source (Tables 9  and 10 ). There was a difference for glucose due to sex in which males exhibited a higher value. No statistical interactions were found. The absence of significant differences due to dietary differences found in the panel of general metabolic indicators evaluated (Tables 9 and 10) would suggest no obvious disturbance in metabolic activity due to corn source. Similarly, no differences in histopathological observations, necropsy findings, or serum biochemical and hematological values were found when broilers were fed event CBH 351 corn (Yonemochi et al., 2002) .
This study was carried out to determine whether diets prepared with VIP3A transgenic corn would have any unexpected effects on performance of broiler chickens when compared with diets prepared with nontransgenic (isogenic) control corn. Some minor differences were found due to corn source over the course of the study as might be expected in a well-controlled study with quite low pen-to-pen variability. These few differences were not unique to a given corn source but instead appeared to be distributed equally across the diet groups evaluated in the study. The transgenic VIP3A hybrid diets supported numerically the most rapid broiler chicken growth at the second lowest mortality rate and the lowest FCR without significant differences in carcass yield or quality or in clinical indicators of metabolic function. Although it was not clear whether the small differences in performance were attributable to the transgenic corn per se or due to slight differences in overall composition of the formulated diets, it was clear that the transgenic corn had no deleterious effects on broiler performance and carcass yields in this study.
